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΄Ͳ௿ݮ͢Δ͜ͱ͕Θ͔ͬͨɻDMIʹΑΔ൓సిྲྀີ౓ͷ௿ݮ཰͸ɺύϧε෯͕ 1ns ͷͱ͖࠷େ 33%ɺύϧε෯
͕ 10ns ͷͱ͖࠷େ 10%Ͱ͋ͬͨɻ͜ͷ݁Ռ͸ɺઌߦݚڀͰܝग़͞Εͨ൓సిྲྀ஋ͷ࣮ݧ͔ࣜΒղੳ͢Δ͜ͱ͕
Ͱ͖ͨɻα͕େ͖͍৔߹ɺ೤҆ఆੑΛҡ࣋͢ΔͨΊʹKuΛ૿Ճͤͨͨ͞Ίʹɺ൓సిྲྀີ౓͕૿େ͢Δ͜ͱ͕Θ






ిྲྀີ౓͕௿ݮͨ͠ɻ·ͨɺECCߏ଄Ͱ࠷దͳ૚ؒަ׵݁߹ఆ਺ͷ৔߹ɺ୯૚ߏ଄ͰD = 0.0 erg/cm2ͷ৔߹Α
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8 ୈ 1ষ ͸͡Ίʹ















C1 = = [ln (1− cos(θcrit))/(1 + cos(θcrit))− ln (1− cos(θinit))/(1 + cos(θinit))] /2 (1.2)
͜ͷઌߦ࿦จͰ͸ɺ൓సిྲྀ஋͸ࣜ 1.1ͷׅހ಺ͷୈ 1߲ͱୈ 2߲ͷ࿨ʹΑͬͯද͞ΕΔ͜ͱ͕ࣔ͞Ε͍ͯΔɻ
ਤ 1.2: ઌߦݚڀʹ͓͚Δɺଛࣦఆ਺ʹΑΔ൓సిྲྀ஋ͷมԽ [2]
1.1.5 Dzyaloshinskii - Moriya interaction(DMI)




ਤ 1.3: DMIͷ֓೦ਤ [5]




















































M ͸ݪࢠ࣓ؾϞʔϝϯτͷେ͖͞ (|M⃗ |)Ͱ͋Δɻ









ϵK = Ku(1−m2z) (2.3)










































































































ࣜ 2.5,2.6,2.7ʹࣜ 2.3Λ୅ೖ͠ɺ੔ཧ͢Δͱࣜ 2.8,2.9,2.10ͱද͞ΕΔɻ
HKx = 0 (2.8)



































































































































































































−τ−1η(m⃗× (m⃗× p⃗)) (2.20)
−τ−1 = g|µB | · 4π · Ie
2Ms · 125.6637 · |e|


















2.5 Dzyaloshinskii - Moriya interaction(DMI)
Dzyaloshinskii - Moriya interaction(ҎԼɺDMI)͸ɺྡ઀͢Δݪࢠ࣓ؾϞʔϝϯτΛɺͶ͡Ε΍͘͢͢Δ࡞༻
Ͱ͋Δ [11][12]ɻDMIʹΑͬΓ࣓Խߏ଄͕มԽ͢ΔͱɺΤωϧΪʔ͕ݮগ͢Δɻ
DMIΤωϧΪʔ͸ 2.21ࣜͰද͞ΕΔɻ
EDMI = −Dij · (Si × Sj) (2.21)
2.21͔ࣜΒΘ͔ΔΑ͏ʹɺDMIΤωϧΪʔ͸D > 0ͷͱ͖ϚΠφεͷ஋ΛͱΔɻΑͬͯɺMRAMͷ৔߹ɺਤ 2.3
ͷΑ͏ʹɺ໘಺ํ޲Λ޲͍͍ͯΔͱ͖ͷΤωϧΪʔ͕ݮগ͢ΔͨΊΤωϧΪʔόϦΞ͕௿Լ͠ɺ೤҆ఆੑ͕௿Լ
ͯ͠͠·͏Մೳੑ͕͋Δɻ͔͠͠ɺಉ࣌ʹ൓సిྲྀ΋௿Լ͢ΔՄೳੑ͕ߟ͑ΒΕΔɻ



































































⎧⎨⎩ ∂ϵDMI∂ (∂my∂x )
⎫⎬⎭+ ∂∂y
⎧⎨⎩ ∂ϵDMI∂ (∂my∂y )
⎫⎬⎭+ ∂∂z














































































18 ୈ 3ষ ਺ཧϞσϧ

































































m⃗− (m⃗ · m⃗) ˙⃗m
}
= (m⃗ · m⃗)
(




























































͜͜Ͱɺm⃗ · H⃗ɺm⃗× H⃗ ͸ͦΕͧΕ 3.5ɺ3.6ࣜͰද͞ΕΔɻ
m⃗ · H⃗ = mxHx +myHy +mzHz (3.5)
m⃗× H⃗ =




m˙x = − |γ|
α2 + 1
[
(myHz −mzHy) + α {(mxHx +myHy +mzHz)mx −Hx}
]
(3.7)
m˙y = − |γ|
α2 + 1
[
(mzHx −mxHz) + α {(mxHx +myHy +mzHz)my −Hy}
]
(3.8)
m˙z = − |γ|
α2 + 1
[







m⃗(t+∆t) = m⃗(t) +∆t · ˙⃗m(t) (3.10)
͜͜Ͱ∆t͸࣌ؒࠁΈͰ͋Δɻ
ࣜΛ֤੒෼ʹ෼ղ͢Δͱɺ3.11ɺ3.12ɺ3.13͕ࣜಘΒΕΔɻ
mx(t+∆t) = mx(t) +∆t m˙x(t) (3.11)
my(t+∆t) = my(t) +∆t m˙y(t) (3.12)
mz(t+∆t) = mz(t) +∆t m˙z(t) (3.13)
ܭࢉਫ਼౓͸̍࣍Ͱ͋Γɺܭࢉਫ਼౓ͱͯ͠͸े෼Ͱ͸ͳ͍ɻ
3.2.2.2 4࣍ͷRunge-Kutta๏
4࣍ͷ Runge-Kutta๏ͱ͸ɺඍ෼ํఔࣜͷॳظ஋໰୊ʹରͯۙ͠ࣅղΛ༩͑Δํ๏Ͱ͋Δɻf(m⃗(t)) = ˙⃗m(t)ͱ
͢Δͱɺࣜ 3.14Ͱද͞ΕΔɻ




k⃗1 + 2k⃗2 + 2k⃗3 + k⃗4
)
(3.14)
k⃗1 = ∆t · f(m⃗(t)) (3.15)
k⃗2 = ∆t · f(m⃗(t+∆t/2) + k⃗1/2) (3.16)
k⃗3 = ∆t · f(m⃗(t+∆t/2) + k⃗2/2) (3.17)
k⃗4 = ∆t · f(m⃗(t+∆t)k⃗3) (3.18)
͜͜Ͱ֤ k͸ɺt→ ∆tͷ۠ؒͰͷ֤Ґஔͷޯ഑Ͱ͋Δɻܭࢉਫ਼౓͸̐࣍Ͱ͋Δɻ















∂z2 ʹ͍ͭͯ Taylorల։ΑΓ཭ࢄԽΛߦ͏ͱɺ3.20 3.28͕ࣜಘΒΕΔɻ
∂2mx
∂x2








































≈ mzi,j,k+1 − 2mzi,j,k +mzi,j,k+1
dz2
(3.28)






⎡⎢⎣ mxi−1,j,k − 2mxi,j,k +mxi+1,j,kmyi−1,j,k − 2myi,j,k +myi+1,j,k





⎡⎢⎣ mxi,j−1,k − 2mxi,j,k +mxi,j+1,kmyi,j−1,k − 2myi,j,k +myi,j+1,k





⎡⎢⎣ mxi,j,k−1 − 2mxi,j,k +mxi,j,k+1myi,j,k−1 − 2myi,j,k +myi,j,k+1















∆Hx = −Mxr2 x1r ∆y∆z
∆Hy = −Myr2 yr∆y∆z
∆Hz = −Mzr2 zr∆y∆z
r =
√























Hx = qxx ·mx + qxy ·my + qxz ·mz
Hy = qyx ·mx + qyy ·my + qyz ·mz


























′ − i, j′ − j) ·mx(i′, j′) + qzy(i′ − i, j′ − j) ·my(i′, j′) + qzz(i′ − i, j′ − j) ·mz(i′, j′)(3.35)






C(j − i) ·B(j), i = 1, · · · , n (3.36)
্هͷԋࢉʹ͍ͭͯߟ͑Δɻ
͜͜ͰɺA,B͸ͦΕͧΕ௕͞ nͷϕΫτϧɺC ͸௕͞ 2n− 1ͷϕΫτϧɺn͸ 2ͷྦྷ৐ͷ਺ͱ͢Δɻ͜ͷԋࢉ͸
Convolutionԋࢉͱݺ͹ΕɺA(1), · · · , A(n)શͯΛٻΊΔͨΊʹඞཁͳܭࢉྔ͸ O(n2)ͱͳΔɻ
࣍ʹɺBٴͼ C ͕पظ nͷपظؔ਺Ͱ͋Δ৔߹Λߟ͑ΔɻपظੑΑΓɺC ͸௕͞ nͷϕΫτϧͰද͢͜ͱ͕Ͱ͖
Δɻ͜ͷ࣌ɺࣜ 3.36͸ɺ཭ࢄϑʔϦΤม׵Λ༻͍ͯɺҎԼͷखॱͰܭࢉ͢Δ͜ͱ͕Ͱ͖Δɻ
I. B ͓Αͼ C ͷϑʔϦΤ੒෼ Br(B ͷϑʔϦΤ੒෼ͷ࣮਺෦)ɺBi(B ͷϑʔϦΤ੒෼ͷڏ਺෦)ɺCr(C ͷϑʔ
ϦΤ੒෼ͷ࣮਺෦)ɺCi(C ͷϑʔϦΤ੒෼ͷڏ਺෦)ΛٻΊΔɻ
II. ٻΊͨϑʔϦΤ੒෼ͷ֤੒෼Λ௚઀ֻ͚߹Θͤɺ݁ՌΛͦΕͧΕ Ar,Aiͱ͢Δɻ
Ar(i) = Br(i) · Cr(i)−Bi(i) · Ci(i), (3.37)
Ai(i) = Br(i) · Ci(i) +Bi(i) · Cr(i), i = 1, · · · , n (3.38)
III. Ar,AiΛٯϑʔϦΤม׵͢Δɻ͜ͷͱ͖ಘΒΕͨ΋ͷͷ࣮਺෦͕ٻΊΔ΂͖ AͰ͋Δɻ
্هͷखॱʹै͍ܭࢉΛߦͬͨͱ͖ͷܭࢉ࣌ؒΛݟੵ΋Δɻखॱ I͓Αͼ III͸௕͞ nͷϕΫτϧͷ཭ࢄϑʔϦ




·ͣɺ௕͞ nͷϕΫτϧ B ٴͼ C ΛҎԼͷΑ͏ʹ௕͞ 2nͷϕΫτϧʹ֦ு͠ɺͦΕͧΕ B′, C ′ ͱ͢Δɻ
B′ : B(1), B(2), · · · , B(n), 0, 0, · · · , 0
C ′ : 0, C(−n+ 1), C(−n+ 2), · · · , C(0), C(1), · · · , C(n− 1)
ϕΫτϧB′͸ɺBʹ͍ͨͯ͠ཁૉ͕ 0ͷ nݸͷ੒෼Λ෇͚Ճ͑ͨ΋ͷͱ͢ΔɻϕΫτϧ C ′͸Ұͭͷ 0ͷ੒෼ͱɺ
΋ͱ΋ͱͷConvolutionԋࢉʹඞཁͳ 2n− 1͜ͷཁૉ͔ΒͳΔ΋ͷͱ͢Δɻ͜ͷΑ͏ʹಘΒΕͨB′, C ′ʹରͯ͠ɺ





ਤ 3.5: B’ཁૉͷ֦ு ਤ 3.6: C’ཁૉͷ֦ு
ͳ͓ɺཁૉ਺ n͕ 2ͷྦྷ৐Ͱͳ͍৔߹͸ɺnΑΓେ͖͍ 2ͷྦྷ৐ͷதͰ࠷্ͷ΋ͷΛٻΊɺ͜ͷ਺Λ৽ͨʹ n
ͱͯ͠ܭࢉΛߦ͏ɻͦͷࡍʹϕΫτϧ B ͷ֦ு͞ΕͨྖҬͷཁૉ͸̌ͱ͢Δɻ
3.2.3.4 εϐϯτϧΫ






























































































(zˆ × n)×m (3.48)





















ࣜ 3.49ΑΓ x࣠ํ޲ͷࣗ༝ڥք৚݅͸ 1࣍ͷࠩ෼ΑΓ 3.51ࣜͰɺ3.50ΑΓ y࣠ํ޲ͷࣗ༝ڥք৚݅͸ 1࣍ͷࠩ
෼ΑΓ 3.52ࣜͰද͞ΕΔɻܭࢉྖҬ͸ 0൪໨͔Β n− 1൪໨ͱͨ͠ɻ⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
m−1x = m0x − dx ·m0z · D2A
m−1y = m0y
m−1z = m0z + dx ·m0x · D2A
mnx = m
n−1










m−1y = m0y − dy ·m0z · D2A






y + dy ·mn−1z · D2A
mnz = m
n−1









ϵK = Ku(1−m2z) (3.53)
ϵA = A(∇m⃗)2 (3.54)
ϵD = −1
2




















ϵK + ϵA + ϵD + ϵDMI
)
V (3.57)
V = dx · dy · dz (3.58)
ΤωϧΪʔόϦΞͷجຊతͳܭࢉࣜ͸ɺ3.59ࣜͱͳΔɻ












͜͜Ͱɺ∆E ͸ΤωϧΪʔόϦΞɺkB ͸ϘϧπϚϯఆ਺ɺT ͸ઈରԹ౓Ͱ͋Δɻ
3.4 ࡐྉఆ਺
ຊ࿦จ಺ͰͷϚΠΫϩϚάωςΟοΫϞσϧʹ͓͚Δશ࣮ݧͷڞ௨ࡐྉఆ਺͸ɺࣜ 3.61ͷ௨ΓͰ͋Δɻ⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
๞࿨࣓Խ :Ms = 600.0 emu/cm3
ަ׵εςΟϑωεఆ਺ : A = 1.0 µerg/cm
࣓ؾճసൺ : γ = 1.76× 107 rad/(s ·Oe)
εϐϯํ޲ϕΫτϧ : p⃗ = {0.0, 0.0, 1.0}
gyromagnetic splitting factor : g = 2.0× 1.001159657
ϘʔΞ࣓ࢠ : µB = 9.27408× 10−21 J/T
ిؾૉྔ : e = 1.602189× 10−19 C
gؔ਺ : η = 1.0
ϘϧπϚϯఆ਺ : kB = 1.380658× 10−16 erg/K
ઈରԹ౓ : T = 300 K
(3.61)
ܭࢉ৚݅͸ɺࣜ 3.62ͷ௨ΓͰ͋Δɻ⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
֨ࢠִؒ : dx = dy = 1.875 nm
ບް (୯૚) : dz = 2.0 nm
ບް (ECCߏ଄) : dz = 1.0 nm














m⃗ = (1.0, 0.0, 0.0)






































28 ୈ 4ষ ୯૚ߏ଄ʹ͓͚Δ൓సిྲྀ஋ͷ DMIґଘੑ
4.2 KuͱDMIͷ૊Έ߹Θͤͷܾఆ





















ਤ 4.2: DMIͱKu ʹΑΔ೤҆ఆੑࢦ਺∆ͷมԽ
ਤ 4.2ΑΓٻΊͨɺ֤ DMI஋ʹ͓͚Δɺ∆͕ 60Ҏ্ͱͳΔKu Λද 4.2ʹࣔ͢ɻ











ॳظ࣓Խߏ଄͸ɺ֎෦࣓քΛ x࣠ํ޲ʹ 1Oe͚͔͚ͩͨͱ͖ͷฏߧঢ়ଶ (ਨ௚Լ޲͖)ͱͨ͠ɻ͜ͷ࣌ͷॳظ࣓
Խ֯౓ θ0 Λ༻͍ͯɺ࣓Խ൓సج४֯౓ θ′ = π − θ0 Λઃఆ͠ɺύϧεҹՃޙʹ࣓Խͷ֯౓͕͜ͷ֯౓Λ௒͍͑ͯ
Δ͔Ͳ͏͔Ͱ൓సͷ༗ແΛ൑அͨ͠ɻ
݁ՌΛਤ 4.3ʹࣔ͢ɻ




















ਤ 4.3: ిྲྀີ౓ʹΑΔ࠷ऴ࣓Խ֯౓ͷมԽ (α = 0.001, tp = 1.0ns, HxEXT = 1.00Oe)
ਤ 4.3ͳͲ͔Βɺ࠷খ൓సిྲྀີ౓ΛٻΊͨɻҎԼͷύϥϝʔλΛมߋͯ͠γϛϡϨʔγϣϯΛߦͬͨɻ




















ਤ 4.4: DMI ʹΑΔ jsw ͷมԽͷྫ (α = 0.003, tp = 10.0 ns, HxEXT = 1.00 Oe)
ਤ 4.4Ͱ͸ۃ୺ͳྫͰ͸͋Δ͕ɺάϥϑʹԜತ͕͋Γɺ݁ՌΛಡΈऔΔͷʹద੾ͳ΋ͷͱ͸ݴ͑ͳ͔ͬͨɻͦ͜




α = 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1.0
tp = 1.0, 3.0, 10.0 nsɹ
Hx
EXT = 0.95ʙ1.05 Oe
(4.4)
͜ͷ࣌ͷ݁ՌΛਤ 4.5,4.6ʹࣔ͢ɻ









































































































(g) ଛࣦఆ਺ α = 1
ਤ 4.5: DMIٴͼ αʹΑΔ൓సిྲྀͷมԽ


















































































C1 = = [ln (1− cos(θcrit))/(1 + cos(θcrit))− ln (1− cos(θinit))/(1 + cos(θinit))] /2
ઌߦݚڀͷ݁ՌͰ͸ɺ൓సిྲྀ஋͸ଛࣦఆ਺ͱύϧε෯ʹґଘ͓ͯ͠Γɺଛࣦఆ਺͕ᮢ஋ҎԼͰ͸൓సిྲྀ஋͕
ҰఆͰ͋Δ͜ͱ͕ࣔ͞Εͨɻ·ͨɺਤ 1.2ͷࠇઢʹ͋ͨΔࣜ 1.1ͷୈ 1߲ͱɺ྘ઢʹ౰ͨΔࣜ 1.1ͷୈ 2߲ͷ࿨Ͱ
൓సిྲྀ஋͕ܾ·Δɺͱ͍͏͜ͱͰ͋ͬͨɻࣜ 1.1ͷୈ 1߲͸Ku͕ൺྫ͓ͯ͠Γɺୈ 2߲͸ࣜ 1.2ΑΓॳظ࣓Խ
֯౓ θ0 ͕ؔ܎͍ͯ͠Δɻ
·ͣɺୈ 1߲ʹ͍ͭͯߟ͑Δɻද 4.2ʹ͋ΔΑ͏ʹɺDMIఆ਺͕େ͖͘ͳΔʹͭΕɺKu ΋େ͖͘͢Δඞཁ͕
͋ͬͨɻͦͷͨΊɺୈ 1߲͸૿େͯ͠͠·͏ɻ࣍ʹɺୈ 2߲ʹ͍ͭͯߟ͑Δɻ·ͣɺ֤ DMIఆ਺ຖͷฏߧঢ়ଶͰ
ͷ࣓Խͷฏۉ֯౓ΛٻΊͨɻ݁ՌΛਤ 4.8ʹࣔ͢ɻ
ਤ 4.8: DMIఆ਺ʹΑΔฏۉॳظ࣓Խ֯౓ͷมԽ






ਤ 4.10: DMIʹΑΔ൓సిྲྀάϥϑͷมԽͷਪଌ (ଛࣦఆ਺খ)
34 ୈ 4ষ ୯૚ߏ଄ʹ͓͚Δ൓సిྲྀ஋ͷ DMIґଘੑ










































































































ਤ 4.13: DMIʹΑΔKeﬀu ͱ൓సిྲྀີ౓ͷมԽ (α = 1.0)
੺ઢ͸ύϧε෯ 1nsͰͷ൓సిྲྀ஋ͷׂ߹ɺ྘ઢ͸ύϧε෯ 10nsͰͷ൓సిྲྀ஋ͷׂ߹ɺࠇઢ͸֤ DMI஋ͷ
࣌ͷKu ͷׂ߹ɺԫઢ͸ࠓճܭࢉͨ͠Keﬀu ͷׂ߹Λද͍ͯ͠Δɻ
࣍ʹɺॳظ࣓Խߏ଄͔Β θ0 Λ࣮ࡍʹٻΊɺࣜ 1.2ʹ୅ೖͯ͠ C1 ΛٻΊͨɻ
݁ՌΛਤ 4.14ʹࣔ͢ɻ



































ਤ 4.14: DมԽʹΑΔ C1 ͷมԽ (α = 0.0001)
ਤ 4.13ΑΓɺୈ 1߲ଆͰ͸ύϧε෯͕ແݶେʹ͚ۙͮ͹ۙͮ͘΄ͲɺDMI=0ʹରͯ͠ͷ൓సిྲྀີ౓ͷׂ߹
͕ߟ͑ͨKeﬀu ʹ͍ۙͮͨɻਤ 4.14ΑΓɺୈ 2߲ଆͰ͸ύϧε෯͕ 0ʹۙͮ͘΄ͲɺDMI=0ʹରͯ͠ͷ൓సిྲྀ
ີ౓ͷׂ߹͕ C1 ͷܭࢉ஋ʹ͍ۙͮͨɻ
͜ͷ͜ͱ͔Βɺࣜ 1.1ʹਤ 4.13,4.14͔ΒಘΒΕͨ஋Λ୅ೖ͢Δ͜ͱʹΑͬͯɺۙࣅతʹ൓సిྲྀ஋͕ٻ·Δ͜ͱ























m⃗ = (1.0, 0.0, 0.0)
tp = 8.0 ns ɹ




DMI = 0.0ʙ1.0 erg/cm2
Khardu = 0.0ʙ15.0 Merg/cm3
Ksoftu = 0.0ʙ15.0 Merg/cm3
(5.2)
݁ՌΛਤ 5.1,5.2ʹࣔ͢ɻ













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3
(g) DMI = 1.0 erg/cm2
ਤ 5.1: DMIɺKhardu ɺKsoftu ʹΑΔ೤҆ఆੑࢦ਺∆ͷมԽͷྫ (DMIϋʔυ૚)













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3













Kuhard =2 Merg/cm3Kuhard =3 Merg/cm3Kuhard =3.5 Merg/cm3Kuhard =4 Merg/cm3Kuhard =5 Merg/cm3
(g) DMI = 1.0 erg/cm2
ਤ 5.2: DMIɺKhardu ɺKsoftu ʹΑΔ೤҆ఆੑࢦ਺∆ͷมԽͷྫ (DMIιϑτ૚)
40 ୈ 5ষ ECCߏ଄ʹ͓͚Δ൓సిྲྀ஋ͷ DMIґଘੑ













































ਤ 5.4: ೤҆ఆੑࢦ਺∆ = 60ͱͳΔ࠷খͷҟํੑఆ਺Ku ͷ૊Έ߹Θͤ (DMIιϑτ૚)





·ͨਤ 5.3,5.4ΑΓɺ֤ DMI஋ʹ͓͍ͯඞཁͳ೤҆ఆੑΛຬͨ͢Khardu ͱKsoftu Λද 5.1ʹࣔ͢ɻ
5.2. ൓సిྲྀͷKu ൺґଘੑ 41
ද 5.1: ֤ DMI஋ʹ͓͚Δ∆ ≥ 60ͱͳΔ࠷খͷKu (erg/cm2)
D(erg/cm2) DMIϋʔυ૚Ku ൺ 3:1 DMIϋʔυ૚Ku ൺ 1:0 DMIιϑτ૚Ku ൺ 3:1 DMIιϑτ૚Ku ൺ 1:0
0.0 5.34,1.78 7.12,0.00 5.31,1.77 7.11,0.00
0.1 5.46,1.82 7.29,0.00 5.46,1.82 7.29,0.00
0.2 5.61,1.87 7.49,0.00 5.61,1.87 7.50,0.00
0.4 6.00,2.00 8.02,0.00 6.00,2.00 8.02,0.00
0.6 6.51,2.17 8.68,0.00 6.48,2.16 8.67,0.00
0.8 7.08,2.36 9.45,0.00 7.05,2.35 9.46,0.00





α = 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1.0
tp = 1.0, 3.0, 10.0 nsɹ
Hx
EXT = 0.95ʙ1.05 Oe
(5.3)
݁ՌΛਤ 5.5,5.6,5.7,5.8ʹࣔ͢ɻ






























































































































(g) ଛࣦఆ਺ α = 1
ਤ 5.5: ECCߏ଄ʹ͓͚Δ DMIٴͼ αʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚)






























































































































(g) ଛࣦఆ਺ α = 1
ਤ 5.6: ECCߏ଄ʹ͓͚Δ DMIٴͼ αʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIιϑτ૚)














































































(d) ύϧε෯ tp = 10 ns, Ku ൺ 1:3
ਤ 5.7: αɺDMIɺύϧε෯ɺKu ൺͰͷ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚)














































































(d) ύϧε෯ tp = 10 ns, Ku ൺ 1:3




























































































(c) ૚ؒަ׵݁߹ఆ਺ Ainter = 0.05 µerg/cm
ਤ 5.9: ೤҆ఆੑࢦ਺∆ = 60ͱͳΔ࠷খͷҟํੑఆ਺Ku ͷ૊Έ߹Θͤͷ Ainter มԽ (DMIϋʔυ૚)







α = 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1.0
tp = 1.0, 10.0 nsɹ
Ainter = 1.0, 0.3, 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, 0.02, 0.01 erg/cm
Hx
EXT = 0.95ʙ1.05 Oe
(5.4)
݁ՌΛਤ 5.10ʙ5.17ʹࣔ͢ɻ








































































































































(h) ଛࣦఆ਺ α = 0.03,Ku ൺ 1:3
ਤ 5.10: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚ɺଛࣦఆ਺ α =
0.001 ʙ 0.03,ύϧε෯ tp=1 ns)










































































































(f) ଛࣦఆ਺ α = 1.0,Ku ൺ 1:3
ਤ 5.11: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚ɺଛࣦఆ਺ α =
0.1 ʙ 1.0,ύϧε෯ tp=1 ns)






















































































































































(h) ଛࣦఆ਺ α = 0.03,Ku ൺ 1:3
ਤ 5.12: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚ɺଛࣦఆ਺ α =
0.001 ʙ 0.03,ύϧε෯ tp=10 ns)








































































































(f) ଛࣦఆ਺ α = 1.0,Ku ൺ 1:3
ਤ 5.13: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚ɺଛࣦఆ਺ α =
0.1 ʙ 1.0,ύϧε෯ tp=10 ns)








































































































































(h) ଛࣦఆ਺ α = 0.03,Ku ൺ 1:3
ਤ 5.14: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIιϑτ૚ɺଛࣦఆ਺ α =
0.001 ʙ 0.03,ύϧε෯ tp=1 ns)










































































































(f) ଛࣦఆ਺ α = 1.0,Ku ൺ 1:3
ਤ 5.15: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIιϑτ૚ɺଛࣦఆ਺ α =
0.1 ʙ 1.0,ύϧε෯ tp=1 ns)






















































































































































(h) ଛࣦఆ਺ α = 0.03,Ku ൺ 1:3
ਤ 5.16: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIιϑτ૚ɺଛࣦఆ਺ α =
0.001 ʙ 0.03,ύϧε෯ tp=10 ns)








































































































(f) ଛࣦఆ਺ α = 1.0,Ku ൺ 1:3
ਤ 5.17: ECCߏ଄ʹ͓͚ΔDMIɺαɺKuൺ཰ɺAinterʹΑΔ൓సిྲྀີ౓ͷมԽ (DMIιϑτ૚ɺଛࣦఆ਺ α =
0.1 ʙ 1.0,ύϧε෯ tp=10 ns)
ਤ 5.10ʙ5.17ʹ͓͍ͯɺϓϩοτ͞Ε͍ͯͳ͍఺͸൓సج४Λݟͨ͞ͳ͔ͬͨ৚݅Ͱ͋Δɻ5.2અͰ࢖༻ͨ͠






































































































































(d) Ku ൺ 1:3, ύϧε෯ tp=10 ns
ਤ 5.18: ࠷దͳ૚ؒ݁߹ަ׵ఆ਺Ͱͷ αɺDMIɺύϧε෯ɺKu ൺͰͷ൓సిྲྀີ౓ͷมԽ (DMIϋʔυ૚)


































































































































(d) Ku ൺ 1:3, ύϧε෯ tp=10 ns
ਤ 5.19: ࠷దͳ૚ؒ݁߹ަ׵ఆ਺Ͱͷ αɺDMIɺύϧε෯ɺKu ൺͰͷ൓సిྲྀີ౓ͷมԽ (DMIιϑτ૚)
ਤ 5.18,5.19ʹ͓͍ͯɺेࣈ఺͸൓సిྲྀີ౓Λɺ࢛֯఺͸ेࣈ఺ͱಉ͡৭ͷDMI஋ʹ͓͚Δ࠷దͳAinterΛද
͍ͯ͠Δɻେ͖͍૚ؒަ׵݁߹ఆ਺ͷ৔߹Ku ൺ཰Ͱ͋·Γҧ͍͸ͳ͍͕ɺখ͍͞૚ؒަ׵݁߹ఆ਺ͷ৔߹ɺKu




ECCߏ଄Ͱ࠷దͳ૚ؒަ׵݁߹ఆ਺ͷ৔߹୯૚ߏ଄ͰDMIఆ਺D = 0.0 erg/cm2ͷ৔߹ΑΓɺύϧε෯ tp=1ns










ؒަ׵݁߹ఆ਺ͷ৔߹ɺ୯૚ߏ଄Ͱ DMIఆ਺D = 0.0 erg/cm2 ͷ৔߹ΑΓɺύϧε෯ 1nsٴͼ 10nsͷ࠷େ൓స
















α͕খ͍͞΄Ͳ௿ݮ͢Δ͜ͱ͕Θ͔ͬͨɻDMIʹΑΔ൓సిྲྀີ౓ͷ௿ݮ཰͸ɺύϧε෯͕ 1ns ͷͱ͖࠷େ 33%ɺ








ిྲྀ஋͕௿ݮͨ͠ɻ·ͨɺECCߏ଄Ͱ࠷దͳ૚ؒަ׵݁߹ఆ਺ͷ৔߹୯૚ߏ଄Ͱ DMIఆ਺D = 0.0 erg/cm2 ͷ
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